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Abstract In this study, we screened field-caught mosquitoes
for presence of Dirofilaria spp. by using a polymerase chain
reaction (PCR) assay. Potential occurrence of Dirofilaria
repens and Dirofilaria immitis microfilariae was examined in
3,600 mosquitoes of eight species (Aedes vexans, Aedes
cinereus, Aedes rossicus, Culex pipiens, Culiseta annulata,
Ochlerotatus sticticus, Ochlerotatus cantans and Ochlerotatus
caspius) collected from five locations in two districts (Kosice
and Trebisov) of Eastern Slovakia, endemic region of canine
dirofilariasis. Collection of mosquitoes was performed between
May and August 2012 in premises known to be inhabited by
Dirofilaria-infected dogs. PCR assays were performed on 72
pools, each pool containing 50 mosquitoes of the same species,
collected on the same location. Each pool was examined sep-
arately for the presence of D. immitis and D. repens, respec-
tively. A positive finding ofD. repenswas recorded in one pool
of A. vexans mosquitoes collected in Košické Olšany village.
Minimum infection rate in A. vexans was 1:1,750, i.e. 0.57 per
1,000 mosquitoes. The identity of D. repens was confirmed by
direct sequencing of PCR product which has shown 100 %
homology with sequence attributed to D. repens (GenBank
accession number AJ271614). This study represents the first
molecular evidence of D. repensmicrofilariae in mosquitoes in
Slovakia and highlights a need for better surveillance of zoo-
notic dirofilariasis in central Europe.
Introduction
Two filarial species represent causative agents of dirofilariasis
of dogs and foxes in Slovakia:Dirofilaria repens (Railliet and
Henry 1911) which is localised in the hypodermis of the host
and causes the so-called subcutaneous form of dirofilariasis
with the presence of nodular lesions and eczematous derma-
titis (Rocconi et al. 2012) and Dirofilaria immitis (Leidy
1856), the agent of the cardiopulmonary form of the disease.
Both filarial species have zoonotic potential and, despite the
fact that a human represents only an occasional (dead-end)
host and that microfilariae are not able to complete their
development in a human, the number of infections in humans
is rising, and D. repens is the most important causative agent
of human dirofilariasis in Europe (McCall et al. 2008;
Ondriska et al. 2010).
Mosquitoes represent an essential part of the dirofilarial
life cycle and means of dispersion. They function not only as
vectors but also as essential secondary hosts in which
microfilariae develop to L3 larvae. Along with humidity,
temperature is one of the most important environmental
factors that regulate larval development of D. repens in
mosquitoes. Temperature dictates the time requirements for
the development of microfilariae to infective larvae (Sassnau
and Genchi 2013). Their development in mosquitoes can last
8–10 days at 28–30 °C, 11–12 days at 24 °C and 16–20 days
at 22 °C (Cancrini et al. 1988). L3 microfilariae then migrate
to the mosquito’s proboscis, and from there, they are later
inoculated to a new host during blood feeding. Transmission
of dirofilariasis is dependent upon the presence of sufficient
numbers of infected, microfilaraemic dogs, susceptible mos-
quitoes and a suitable climate to permit extrinsic incubation
of parasite in the mosquito vector (Medlock et al. 2007;
Genchi et al. 2009).
When assessing the role and importance of mosquitoes in
the epidemiology of Dirofilaria spp., it is necessary to con-
sider the bionomics as such and the vector’s capacity.
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Important attributes in the bionomics of mosquitoes in filar-
ial transmission include the following: the vector’s behav-
iour on the basis of which it searches for competent hosts, its
ability to disperse from the place of reproduction, the vec-
tor’s geographical distribution, the vector’s activity time
horizon, the number of generations per year and the vector’s
population size and seasonal occurrence. The interactions
between animal/human, mosquito and nematode biology
contribute to the clinical spectrum and geographical distri-
bution of Dirofilaria (Genchi et al. 2009). A vector’s capac-
ity relates to the potential for pathogen transmission via the
insect population and includes the flying range of the insect,
the host and the environmental variable parameters, includ-
ing vector’s occurrence, vector’s survival, intensity of bite
and transmission, preferences and occurrence of the host
(Saegerman 2008).
To the best of the author’s knowledge, no studies have
been carried out regarding mosquitoes as vectors of
dirofilariasis in Slovakia. Entomological and molecular stud-
ies have been performed in this study to determine potential
mosquito species involved in circulation of these zoonotic
microfilariae in endemic region.
Materials and methods
Study area
The research was concentrated on four locations situated in
the area of the Košická Basin (Panovce, Gynov, Beniakovce,
Košické Olšany) and one location in Michalany (District of
Trebisov), located in the Eastern Slovak Lowland (Fig. 1).
The Košická Basin lies in the south-eastern part of Slovakia.
In the west, it borders with the Slovak Karst and the Slovak
Ore Mountains, and in the north, with the Sarisska Highlands
and Ondavska Highlands; in the east, it is connected with the
Slanske Mountains, and in the south, it forms the border with
Hungary. The total area of the basin is 1,153 km2; from the
geomorphologic point of view, the territory is mostly of a
plane type, and from the hydrological point of view, it
contains the basins of Bodva, Hornad, Torysa and Ida
Rivers. The basin has a warm and moderately dry climate.
The average annual rainfall ranges between 600 and
850 mm; the air humidity is 60–70 %. Almost the entire area
has an early onset of spring, summers are rather long (52–
60 days) with high average daily temperatures (18–20 °C),
and winters are short and mild with average daily tempera-
tures between −3 and −6 °C (Slovak Hydrometeorological
Institute 2011), with a low number of days with snow cover.
The long-term average annual air temperature is 8.7 °C. The
area of Eastern Slovak Lowland is situated near the borders
with Ukraine and Hungary. In the north up to the north-east,
it is surrounded by the Vihorlat Mountains; in the north, by
the Beskidian Piedmont; in the north-west and west, by the
Slanske Mountains; and in the south-west, by the Zemplín
Mountains. The total area is 2,500 km2 with the altitude of
94–200 m above sea level. The area has a fan-pattern net-
work of rivers comprising the Bodrog, Ondava, Latorica,
Laborec, Uh and Topľa Rivers. The region has a mild and
dry climate. The average annual rainfall is 600–750 mm. In
winter months, the temperatures range between −2 and
−4 °C. Summers are long (52–70 days) with average tem-
peratures of 17–20 °C. The long-term average annual air
temperature is 9–10 °C.
Mosquito trapping
Mosquitoes were sampled using CO2-baited CDC light traps
which were exposed from 5–6 p.m. to 7–8 a.m. of the
following day. Collections were done in each site every week
during April to August. Mosquitoes were collected from
traps each morning within 30 min of dawn. During transpor-
tation from the field, the collected individuals were kept on
dry ice. After transport to the laboratory at the Department of
Fig. 1 Territory of Slovakia,
with administrative districts and
study sites (1 Panovce, 2 Gynov,
3 Beniakovce, 4 Kosicke Olsany,
5 Michalany)
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Parasitology, mosquitoes were knocked down by placing
trap containers in a −18 °C freezer for 15–30 min and
subsequently separated by species and sex. Mosquitoes were
identified using available identification keys (Kramar 1958;
Becker et al. 2010).
Set of biological material for the PCR analysis
For the PCR analysis, we used 3,600 adult female mosquitoes
which were divided, based on the species diagnostics, into 72
pools, each pool containing 50 individuals of the same spe-
cies, collected on the same location. Each pool was examined
separately for the presence of D. immitis and D. repens.
Homogenization of mosquitoes
The collected mosquitoes were mechanically disrupted using
a ceramic blender in 500 μL of phosphate-buffered saline
under sterile conditions.
Genomic DNA isolation
The total genomic DNA was extracted from 100 μL of the
mosquito homogenate with QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany) according to manufacturer’s
instructions.
PCR procedure Primers were designed to amplify approxi-
mately 200-bp region of mitochondrial cytochromoxidase
subunit I gene of Dirofilaria spp. parasites (Rishniw et al.
2006). PCR amplification was performed with two sets of
primers: DI COI-F1 (5′-AGT GTA GAG GGT CAG CCT
GAG TTA -3′) and DI COI-R1 (5′- ACA GGC ACT GAC
AATACC AAT-3′) for detection of D. immitis and DR COI-
F1 (5′- AGT GTT GAT GGT CAA CCT GAATTA-3′) and
DR COI-R1 (5′- GCC AAA ACA GGA ACA GAT AAA
ACT-3′) for detection ofD. repens. Primers used in our study
are routinely employed in molecular diagnostics and
genotyping of D. immitis and D. repens in clinical samples
(dog blood) as well as in mosquito vectors. Each reaction
tube contained 75 mmol/L Tris–HCl (pH 8.8), 20 mmol/L
(NH4)2SO4, 0.001 % Tween 20, 2.5 mmol/L MgCl2,
200 mmol/L mixture of dNTPs, 2.5 U Taq purple DNA
polymerase (Top-Bio, Czech Republic) and 25 pmol of re-
spective primer pair. PCR reaction was performed in PTC-
200 Gradient Thermal Cycler (MJ Research, USA) under the
following conditions: initial denaturating step at 94 °C for
2 min, followed by denaturation at 94 °C for 30 s, annealing
at 60 °C for 30 s and extension at 72 °C for 30 s consisting of
32 cycles and final extension at 72 °C for 7 min. The PCR
products were then separated on 1.5 % agarose gel, stained
with GelRed (Biotium, USA) and visualised by UV light.
DNA extraction, PCR handling as well as post-PCR pro-
cedures were done in separate rooms to avoid possible cross-
contamination of the samples. Specific PCR product was
further characterised by sequence analysis.
Sequence analysis of PCR product
The PCR product was purified by means of precipitation in
PEG/Mg/NaAc (26 % polyethylene glycol, 6.5 mM
MgCl2·6H2O, 0.6 M NaAc·3H2O). Direct sequencing of puri-
fied PCR product was performed with the BigDye™
Terminator Cycle Sequencing Ready Reaction Kit version 1.1
(Applied Biosystems, USA) according to the manufacturer’s
instructions and purified with EtOH/EDTA precipitation. The
sequencing was performed on the ABI PRISM 310 Genetic
Analyzer (Applied Biosystems, USA). PCR amplicon was
multiple sequenced from both directions to ensure high quality
reads. The DNA sequences were edited and aligned using the
Seqman module within Lasergene v. 6.0 (DNASTAR, Inc.,
USA) and also checked manually. The FASTA format and
BLAST programme (http://www.ncbi.nlm.nih.gov/blast) of
the National Center for Biotechnology Information (Bethesda,
MD, USA) were used for database searches.
Fig. 2 D. repens microfilariae
from a dog living in endemic
area after concentration with the
Knott’s test (a) (×200) and after
Diff-Quick staining (b) (×400)
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Results
Molecular detection of microfilariae (Fig. 2) in vectors was
carried out using 3,600 mosquitoes of eight species (Aedes
vexans, Aedes cinereus, Aedes rossicus, Culex pipiens,
Culiseta annulata, Ochlerotatus sticticus, Ochlerotatus
cantans and Ochlerotatus caspius) (Table 1). The PCR anal-
ysis confirmed the presence ofD. repensDNA in one pool (no.
10) ofA. vexansmosquitoes (Fig. 3) collected on the location in
Košické Olšany village (Fig. 1). The identity of positive spec-
imen was confirmed by direct sequencing of PCR product
which has shown 100 % homology with sequence attributed
to D. repens (GenBank accession number AJ271614).
Discussion
Previous research on dirofilariasis in carnivores in Slovakia
has provided important information on causative agents of
the disease and prevalence in dogs in different areas and
districts (Miterpakova et al. 2008, 2009, 2010, 2012;
Iglodyova et al. 2012a, b). Dirofilariasis has become a prob-
lem which occurs each year, and the number of canine cases
is constantly growing. In spite of the fact that it is a zoonotic
disease, in Slovakia, there is still lack of information on
current and competent vectors. Available literature sources
report more than 70 mosquito species of the Culicidae family
(genera: Culex, Aedes, Ochlerotatus, Anopheles, Armigeres,
Coquilettidia and Mansonia) that are able to transmit
dirofilariae (Cancrini et al. 1995; Pampiglione and Rivasi
2000; Vezzani and Carbajo 2006; Vezzani et al. 2011). Many
of these mosquito species occur in Slovakia as well (Orszagh
et al. 2001; Jalili et al. 2000), and some of them are common.
For the initial stage of the research, we have chosen the
Table 1 Locations, species and numbers of examined mosquitoes
Location Mosquito
species
Number of examined mosquitoes/
number of examined pools










Košické Olšany A. vexans 600/12
C. pipiens 150/3
Beniakovce A. vexans 300/6
C. pipiens 300/6
O. caspius 100/2
Michalany A. vexans 600/12
C. pipiens 50/1
Total 3,600/72
Fig. 3 Gel electrophoresis of the
amplified product of the COI
gene of D. repens. Lane M
1,500–200 bp marker; 1 positive
control; 2–6, 8–13 negative
samples; 7 positive sample
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mosquitoes collected at five locations in Eastern Slovakia.
Selection of individual locations was based on their geo-
graphical position (Košická Basin and Eastern Slovak
Lowland), local and climatic conditions, habitats suitable
for life of vectors and the information on infection-positive
findings in definite hosts. The Kosice town district and the
Kosice vicinity district lie in the Košická Basin and have
very favourable climatic conditions for vector development.
By our existing research on this territory, we have established
the presence of 16 mosquito species (Bockova and Kocisova
2011). Results of the researches on canine dirofilariasis within
the monitored territory indicate that the prevalence increased
from 6.4 % in years 2007–2010 to 11.6 % in 2011 (Iglodyova
et al. 2012b). At Košické Olšany, where we confirmed the
presence of microfilariae in A. vexans, no research focused on
detection of microfilaraemia in dogs has been carried until
now. Michalany village is situated in one of the endemic areas
of dirofilariasis in the district of Trebisov that belongs to the
warmest areas in Slovakia. Prevalence of canine dirofilariasis
in this district reaches 54.4 % (Iglodyova et al. 2012a).
Batches of mosquitoes for PCR analysis were chosen on the
basis of theoretical informationwhich suggests thatA. vexans,O.
caspius and C. pipiens (Latrofa et al. 2012; Yildirim et al. 2011)
are the potential vectors of dirofilariae. Mosquitoes A. vexans,C.
pipiens and Aedes (Stegomyia) albopictus are regarded to be the
most important transmitting agents of D. repens and D. immitis
in Europe. By the PCR analysis and subsequent sequencing, we
have proved the presence of DNA of D. repens microfilariae in
A. vexans mosquitoes. In similar trials carried out in north-east
Italy (Latrofa et al. 2012), the authors report positive findings of
D. repensmicrofilariae inC. pipiens andD. immitis in A. vexans,
O. caspius and C. pipiens. Similar results were achieved in
Turkey (Yildirim et al. 2011), where the authors state that the
main vector of D. immitis is A. vexans and C. pipiens.
It is interesting to point out that in Slovakia, D. immitis in
dogs has so far occurred only in co-infection with D. repens
(seven cases, 2.1 % prevalence) (Miterpakova et al. 2008),
while in Turkey or in Italy, it occurs alone in a prevalence
between 2 and 30% (Yildirim et al. 2011; Latrofa et al. 2012).
A. vexans and C. pipiens mosquitoes are among the most
common mosquito species in Slovakia. A. vexans has several
attributes of an ideal vector, especially its wide geographical
distribution, short development cycle (in suitable conditions
lasting 1–3 weeks), polycyclicity and ability to formmultiple
populations, especially after floods, ability of females to fly
to distances more than 15 km away from the reproduction
site and wide host preference.
C. pipiens is originally an ornitophilic mosquito (Kramar
1958; Becker et al. 2010) but has now adopted endophagic and
anthropophagic behaviour in central and north Europe where it
now also searches for human blood outdoors, as it happens in
southern parts of the continent. This pattern also overlaps with
the spread of canineD. immitis andD. repens infection in central
and north-eastern countries (e.g. south Switzerland, Germany,
Czechland, Hungary, Serbia and Slovakia) (Tasic et al. 2008;
Genchi et al. 2009; Pantchev et al. 2009). In some parts of
Eastern Slovakia (Kosice and Kosice vicinity), we very often
encounter feeding on humans and domestic animals. Its role as a
vector is primarily connected with the transmission of avian
plasmodia, Sindbis alphavirus (Berezin et al. 1972) and West
Nile Flavivirus (Anderson and Main 2006; Hubálek 2008).
Both these mosquito species are most abundant during the
hottest months of the year, which increases the probability of
spreading temperature-dependent pathogens, for example,
dirofilariae. Our conclusion from this study corresponds to
the finding by Iglodyova (personal information), which states
that the largest number of microfilaraemic dogs occurs in the
period between spring and summer and between summer and
autumn, i.e. when the first generation or winter-surviving
females emerge and are at maximum abundance.
Of the confirmed vectors of Dirofilaria spp. occurring in
Slovakia, the most likely potential vectors include Anopheles
maculipennis s.l., which occurs frequently in the Slovak
lowlands, as well as O. caspius and A. cinereus. They could
also include Anopheles hyrcanus, Ochlerotatus geniculatus
and Coquilettidia richiardii, which, however, are only spo-
radically collected in the monitored areas.
Eastern Slovakia has often proved to have exceptionally
favourable conditions for disease transmission via vectors.
Until the 1950s, it was an endemic area for malaria; in the
last 10 years, it has been shown to be a canine babesiosis
focus, and dirofilariasis is now spreading in this area as well.
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